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Summary

Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a novel

entity that emerged in March 2021 following reports of unusual thrombosis

after ChAdOx1 nCoV-19, (AstraZeneca) vaccination. Following the recog-

nition of this syndrome, multiple consensus guidelines have been released

to risk stratify patients presenting with possible symptoms after ChAdOx1

nCoV-19 vaccination. All guidelines rapidly identify VITT in patients with

the complete triad of thrombocytopenia, thrombosis and elevated D-dimers

after ChAdOx1 nCoV-19 vaccination. However, with earlier recognition of

the associated symptoms, the clinical manifestations are likely to be more

heterogeneous and represent an evolving spectrum of disease. In this set-

ting, current guidelines may lack the sensitivity to detect early cases of

VITT and risk missed or delayed diagnoses. The broad clinical phenotype

and challenges associated with diagnosis of VITT are highlighted in our

present case series of four patients with confirmed VITT. Dependent on

the guidance used, each patient could have been classified as a low proba-

bility of VITT at presentation. The present study highlights the issues asso-

ciated with the recognition of VITT, the limitations of current guidance

and the need for heightened clinical vigilance as our understanding of the

pathophysiology of this novel condition evolves.

Keywords: vaccine, thrombosis, thrombocytopenia, COVID-19, cerebral

venous sinus thrombosis, splanchnic vein thrombosis.

Introduction

In March 2021, European health regulators were alerted to

case reports of thrombocytopenia and thrombosis, often in

atypical sites, occurring after administration of the Vaxzev-

ria vaccine (ChAdOx1 nCoV-19, AstraZeneca). As of 4

April 2021, a total of 169 cases of cerebral venous sinus

thrombosis (CVST) and 53 cases of splanchnic vein throm-

bosis (SVT) had been reported to the European drug safety

database EudraVigilance. This thrombotic syndrome, since

named vaccine-induced immune thrombotic thrombocy-

topenia (VITT), has been reported to predominately affect

females (80%) and those aged <55 years. In some instances,

marked thrombocytopenia (<20 9 109/l) together with ele-

vated D-dimers and hypofibrinogenaemia were observed.

On 13 April 2021 the European Medicines Agency (EMA)

and AstraZeneca released a joint statement that a causal

relationship between ChAdOx1 nCoV-19 and VITT was

plausible.1 Six cases of a similar syndrome have recently

been reported following AD26.COV2.S vaccination (Johnson

& Johnson).2 Nevertheless, European regulators have recom-

mended that the benefits of vaccination with ChAdOx1

nCoV-19 and AD26.COV2.S continue to outweigh the risks

and recommended continued use of both vaccines, with

increased public and physician awareness of the signs of

VITT required.
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Although VITT pathophysiology remains under investiga-

tion, recent studies have demonstrated high levels of platelet

factor 4 (PF4) antibodies in affected individuals in the

absence of previous heparin exposure.3–7 As a result, the PF4

immunoglobulin G (IgG) enzyme-linked immunosorbent

assay (ELISA) has become central in VITT diagnostic algo-

rithms.8–11 Multiple national and international consensus

guidelines regarding VITT diagnosis and management have

been published in the last few weeks.8–11 These guidelines

have been developed based upon the laboratory and clinical

findings observed in the initial VITT cases. Critically how-

ever, it is becoming increasingly clear that VITT may encom-

pass a broader range of clinico-pathological presentations. In

the present study, we present four VITT cases developing

after a first dose of ChAdOx1 nCoV-19. Importantly, these

cases highlight concerns with respect to the use of current

VITT guidelines. In particular, these cases demonstrate that

strict adherence to proposed diagnostic criteria may lead to

delayed or even missed VITT diagnosis in some affected

individuals. Given the fact that VITT requires specific treat-

ment regimens and has been associated with significant mor-

tality, we believe these cases serve as an important exemplar

to focus attention on the potential clinical heterogeneity of

this emerging VITT entity.

Clinical cases

Case 1

A 29-year-old healthcare worker developed a short-lived

bilateral visual disturbance followed by a headache, nausea,

vomiting and leg cramps 7 days (D+7) after Vaxzevria

(ChAdOx1 nCoV-19, AstraZeneca) vaccination. She had no

past medical history and was not on any regular medica-

tions. Clinical and neurological examinations were normal.

Initial assessment demonstrated that she had a mild

thrombocytopenia [136 9 109/l; normal reference range

(NRR) 140–450 9 109/l] and markedly raised D-dimers

(4.8 mg/l; NRR <0.5 mg/ml) (Table I). A previous platelet

count from the year 2020 was within the normal range.

Doppler ultrasonography (US) of her lower limb was nor-

mal and she was discharged. She re-presented at D+10 due

to worsening headache, with progressive thrombocytopenia

(61 9 109/l), elevated D-dimers (5.2 mg/l) and a normal

fibrinogen (2.6 g/l; NRR 1�9–3.5 g/l) (Fig 1A). Computed

tomography (CT) Brain and venogram were normal, but

she was admitted and haematology consulted (D+12).
Despite the lack of thrombosis, VITT diagnosis was con-

sidered and testing demonstrated strongly positive anti-PF4

IgG ELISA, with a strongly positive result [optical density

(OD) 2�242 units (u), D+12]. Apixaban 5 mg twice daily

(BD) orally (PO) was commenced (platelets 71 9 109/l,

normal fibrinogen). Subsequent magnetic resonance (MR)

Brain and venogram (D+13) and repeat Doppler US of

the lower limbs (D+14) demonstrated no thrombosis.

Abdominal examination and liver function tests were nor-

mal. As splanchnic vein thrombosis has been associated

with VITT, a CT abdomen and pelvis was performed on

D+14 and identified occult right portal vein and hepatic

vein thromboses. Later that day the modified heparin-

induced platelet activation (HIPA) and PF4-induced plate-

let activation (PIPA) assays were confirmed as positive

(D+14). Consequently she was treated with intravenous

(IV) Ig (1 g/kg for 2 days) and argatroban (2 lg/kg/min,

IV) was commenced until the platelet count normalised

(D+16, Fig 1A), when she switched back onto apixaban

(10 mg BD PO).

Case 2

A 38-year-old man with cerebral palsy (non-verbal) pre-

sented at D+16 after Vaxzevria (ChAdOx1 nCoV-19, Astra-

Zeneca) vaccination with a 2-day history of bruising and

petechiae; otherwise clinical assessment was unremarkable.

Investigations demonstrated thrombocytopenia (24 9 109/l)

and elevated D-dimers (>4 mg/l; NRR <0.5 mg/l, Table I).

On D+17 a haematology assessment was requested after a

family member remarked on a subtle tachypnoea. CT pul-

monary angiogram identified two proximal pulmonary

emboli (PE) and anti-PF4 IgG ELISA testing was positive

(OD 2�48 u; NRR <0�4 u, D+17). The patient was treated

with IVIg (1 g/kg for 2 days). As the platelet count increased

to >309 109/l on D+17, therapeutic anticoagulation with

argatroban (2 lg/kg/min, IV) was initiated (Fig 1B). This

was transitioned to apixaban 10 mg BD PO on D+19 due to

difficulty maintaining IV access and nausea with further pla-

telet recovery (84 9 109/l). Platelet activation assays taken

on D+17 were reported on D+24, with a negative HIPA, but

positive PIPA assay.

Case 3

A 50-year-old female with no previous medical history or

risks for thrombosis developed a severe thunderclap headache,

nausea and vomiting at D+20 after Vaxzevria (ChAdOx1

nCoV-19, AstraZeneca) vaccination. She attended the local

acute ambulatory care unit 3 days later (D+23) and was

mildly thrombocytopenic (110 9 109/l; NRR 150–450 9 109/

l) (Table I). CT angiogram excluded a subarachnoid haemor-

rhage, but a possible filling defect was noted in the right

transverse and sigmoid sinus. This was confirmed as a dural

venous sinus thrombosis on CT venogram (D+24). At that

point her platelet count was recovering to 135 9 109/l with

normal D-dimers (0�37 mg/l; NRR <0.5 mg/l) and fibrinogen

(2�82 g/l; NRR 2–4.5 g/l) (Fig 1C). She was commenced on

therapeutic low-molecular-weight heparin [LMWH; enoxa-

parin 1 mg/kg BD subcutaneous (SC)]. A VITT diagnosis was

considered and heparin-PF4 IgG ELISA on D+26 was strongly

positive (OD 2�2 u; NRR <0�4 u). Anticoagulation was

changed to fondaparinux (7.5 mg once daily SC) and IVIg
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(0.5 g/kg for 2 days) and prednisolone (30 mg PO) were

given. Throughout her inpatient stay, both fibrinogen and D-

dimer levels remained within the NRR with only a mild tran-

sient thrombocytopenia (nadir 110 9 109/l, Fig 1C). She was

transitioned to warfarin and discharged on D+33 on tapering

prednisolone.

Case 4

A 35-year-old woman presented at D+14 after ChAdOx1

nCoV-19 vaccination due to headache, persistent bruising

and petechiae, first noted at D+10. Initial blood tests demon-

strated thrombocytopenia (50 9 109/l), a mildly prolonged
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prothrombin time (PT, 12.7 s; NRR 9�6–11.8 s) and acti-

vated partial thromboplastin time (APTT, 31�3 s; NRR 20�8–
30.8 s), as well as hypofibrinogenaemia (1�16 g/l; NRR 1�5–
4 g/l) (Table I). Her D-dimer was markedly elevated at

9�83 g/l (NRR <0�42 g/l), as reported previously.12 A MR

venogram did not identify any intracranial thrombosis. An

anti-PF4 IgG ELISA was strongly positive (OD 2�876 u;

NRR < 0�4 u, D+14). Given emerging reports of VITT at

that time, the patient was anticoagulated pre-emptively with

apixaban (2.5 mg BD, increased to 5 mg BD on normalisa-

tion of platelets and fibrinogen), with gradual normalisation

of thrombocytopenia, D-dimer and fibrinogen over the fol-

lowing days (Fig 1D).

Discussion

Over recent weeks, the concept of VITT has emerged as an

entirely novel clinical entity that can be associated with sig-

nificant morbidity and mortality, even in young and other-

wise healthy recipients. The limited clinical data regarding

this rare disorder associated with use of coronavirus disease

2019 (COVID-19) adenoviral vaccines has posed significant

clinical challenges. To address this issue, a variety of guideli-

nes have been rapidly developed with the aim of assisting

physicians in VITT diagnosis and management. Perhaps

unsurprisingly given the limited data available, there are sig-

nificant differences between different VITT guideline recom-

mendations (Table II). The guidelines all consistently identify

patients with VITT who present with a ‘classical’ clinical

triad of thrombosis, thrombocytopenia and elevated D-

dimers after vaccination. However, we believe that the

clinico-pathological spectrum associated with VITT may be

much wider than first envisaged. This hypothesis is sup-

ported by the cases presented in the present study.

For Case 1, despite symptoms of concern for VITT (throm-

bocytopenia with high D-dimers) she was discharged home on

her first presentation due to a negative Doppler US. She re-

presented with worsening headache and was found to have

increased thrombocytopenia, but symptom-directed radiologi-

cal assessment still failed to detect objective evidence of throm-

bosis. Based on these data, the patient would be classified as

‘probable VITT’ using the UK Expert Haematology

Panel (EHP) guidance, ‘suspected VITT’ with the German

Gesellschaft f€ur Thrombose- und H€amostaseforschung (GTH)

criteria, ‘unlikely VITT’ according to the Thrombosis Canada

guidelines and ‘not VITT’ by the International Society on

Thrombosis and Haemostasis (ISTH) criteria (Table II). Criti-

cally, depending on which guidance was followed, anti-PF4

IgG testing may thus not necessarily have been performed and

VITT diagnosis may have been entirely missed. Ultimately,

portal vein thrombosis in this patient was only detected

because the positive anti-PF4 IgG ELISA result triggered imag-

ing for possible splanchnic vein thrombosis.

Although Case 2 had more marked thrombocytopenia,

history was limited due to communication difficulties and

clinical examination was significant only for bruising and

petechiae. Accordingly, this patient would be classified as

‘unlikely VITT’ using the Canadian and ISTH guidance

(Table II). Conversely, the elevated D-dimer would result in

‘probable VITT’ according to the UK EHP guidance.

Although isolated thrombocytopenia would prompt further

investigations as per the German GTH recommendations, it

is notable that this patient first presented at D+16. Any fur-

ther delay in presentation would have placed this patient

beyond the GTH timeframe (symptoms 4–16 days after vac-

cination, Table II). Critical to accurate diagnosis in this

patient was a high clinical suspicion coupled with a low

threshold for performing radiological investigations, which

ultimately enabled prompt PE identification. In this patient

the standard HIPA assay was negative. However, the novel

PIPA assay, involving the addition of exogenous PF4 to

enhance the antibody mediated platelet activation, was posi-

tive confirming the diagnosis of VITT (Table III).4 In a series

of 24 patients with VITT, HIPA testing was positive in only

five of 24 patients, with inhibition of platelet activation by

LMWH in 19/24 patients. In contrast, 23/24 exhibited a posi-

tive PIPA assay, highlighting the role of PF4 in this condi-

tion.4 Variation in functional platelet laboratory assessments

was seen in our present cases, with a positive HIPA and

PIPA in Case 1, but a negative HIPA with positive PIPA for

Case 2. This underscores the need for carefully directed spe-

cialist testing when functional platelet assays are used in the

assessment of VITT.

Case 3 raises particular clinical concerns as she had nor-

mal D-dimer and fibrinogen levels throughout. In addition,

her initial presentation at D+23 is beyond the ‘window’ pro-

posed for VITT consideration in the Thrombosis Canada

and German GTH guidelines. Based on the Thrombosis

Canada guidance, this patient would be classified as ‘unlikely

VITT’. In contrast, the ISTH guidelines would classify as

‘suspected VITT’ and the UK EHP as ‘possible VITT’ due to

the combination of thrombocytopenia and thrombosis

despite normal D-dimers.

Case 4 contrasts starkly to the other cases, as no objec-

tively confirmed thrombosis was identified. However, this

patient presented with hypofibrinogenaemia and mild pro-

longations of both PT and APTT. In our other three cases,

fibrinogen, PT and APTT remained entirely normal through-

out their clinical course. Due to the presence of thrombocy-

topenia but lack of thrombosis, this patient would be

classified as ‘probable VITT’ using the UK EHP guidelines,

‘suspected VITT’ with the German GTH criteria, ‘unlikely

VITT’ with the Thrombosis Canada guidance, ‘not VITT’

using the ISTH criteria (Table II) and may not have been

referred for anti-PF4 IgG ELISA testing.

Initial reports outlined similarities between VITT and

autoimmune heparin-induced thrombocytopenia (HIT), a

condition associated with unusually severe thrombocytope-

nia, thrombosis and disseminated intravascular coagulation

(DIC).4,7 In the case series from Greinacher et al.4 five of 11

Atypical VITT
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patients had evidence of DIC all with markedly elevated D-

dimers (>10 mg/l). Although hypofibrinogenaemia was com-

mon in the UK series (14/23 patients) only three had associ-

ated prolongations of both PT and APTT, and D-dimer

levels in these patients varied.5 In our present series, only

Case 4 had hypofibrinogenaemia with a mild prolongation of

PT and APTT. This patient had the most significant derange-

ment of D-dimers (9�83 mg/l), but no detected thrombosis.

These interindividual variations may reflect differing manifes-

tations of the induced immune response in VITT, varying

from a predominantly hyperfibrinolytic picture to overtly

thrombotic phenotype.

Current guidelines serve to improve awareness of VITT,

but classification is based on clinical and laboratory data at a

single time-point. These cases highlight that the cases may

vary dynamically over time with both frequent reassessment

and consideration of screening for occult thrombosis

required. With improved awareness of this condition it is

more likely that patients may present earlier, while the disor-

der is still in evolution. Physicians should therefore not dis-

count the possibility of VITT in patients with two of the

three key features, as this may represent an evolving pheno-

type. In this instance, we would advocate to proceed to anti-

PF4 IgG ELISA testing with close monitoring of clinical

parameters and screening for thrombosis at typical sites, even

in the absence of symptoms.
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